Introduction
The combination of radial velocities measured by a pair of HF coherent radars gives, in their common field of view, the velocity vectors in a plane perpendicular to the magnetic field. Super Dual Auroral Radar Network (SuperDARN) radars [Greenwald et al., 1995a] The purpose of this paper is to present an algorithm which provides a high spatial resolution map of 1165 the ionospheric convection. This spatially improved resolution is based on a grid determined by the radial resolution of the measurements, i.e., 45 km in the standard radar operating mode. In section 2, we briefly review the standard method presently used to compute velocity vector maps with one pair of radars. We discuss the advantages and limitations of this grid and the intrinsic difficulties related to a highresolution grid. We then discuss the approach used to overcome these problems and present the global analysis conducted to compute this high-resolution map. Using simulated data, we illustrate the performances of this technique and demonstrate its ability to describe structures with a typical scale length of the order of 200 km. In section 3, this method is applied to real SuperDARN data containing a convection reversal and a vortex. We demonstrate that the vector maps preserve the resolution of the radial velocity maps of each radar.
Toward a High-Resolution Map
Before presenting the high-resolution merging algorithm, we briefly review the method used routinely for SuperDARN data, which was described by Cerisier and Senior [1994] . We then discuss the problems arising from the choice of the highresolution grid.
Standard Merging
Before calculating vector velocities from the available data set, a grid needs to be defined. In the standard merging algorithm [Cerisier and Senior, 1994] , an assumption for the propagation is used, based on the Breit and Tuve [1926] theorem. This theorem states that the time delay along the real curved path in the ionosphere is equal to the delay to a virtual altitude, situated vertically above the real height, and along a straight line in free space. This theorem is subject to the condition that both rays have the same elevation angle at the radar site. Unfortunately, in the general case the elevation angle is not known, and a virtual altitude has to be assumed. In addition, the real altitude is never known and also has to be assumed. The standard default values are 400 and 325 km for the virtual and real heights, respectively.
From the time delay between transmission and reception of the radar pulse, the backscatter area is then localized, and a diamond number is assigned to individual data points. Radial velocities from each radar measured in range gates belonging to the same diamond are then averaged. From the averaged velocities measured by each radar, the resultant velocity for that diamond is calculated and is assigned to the "center" of the diamond, i.e., the point at which the centerlines of the two intersecting beams meet.
Whatever the hypothesis used to localize the scattering point, the expected error is much lower than the mean spatial resolution of the grid. Through the averaging process, the localization error on the radial velocity is smoothed and does not affect significantly the determination of velocity vectors. This means that the standard grid is rather insensitive to local- Here we perform the same analysis in order to evaluate the error introduced by the hypothesis used in the standard merging method, i.e., a straightline propagation to a virtual altitude of 400 km followed by a projection to the real altitude of 325 km. 
High-Resolution Spectral Analysis
We have shown that the high-resolution grid implies that the same radial velocity measured by the radar in one range gate is used to compute several velocity vectors. Therefore the resulting vectors arc not totally independent. In order to reduce this artificial smoothing, one has to increase the number of radial velocities deduced from the radar data. In order to simulate the MUSIC results, each radar range cell is subdivided into three parts, and the radial velocities corresponding to the model are computed for each subdivided cell. We assume that the central part of the elementary cell is the radial velocity deduced from the standard ACE analysis and that the two others are the new radial velocities found by the MUSIC method.
2.6.1. Scale length of 500 km. Figure 3a shows the instantaneous velocity field of a structure sitting in the middle of the radar field of view as projected on the high-resolution grid before velocity projection along the radar beams. The structure has a scale length of 500 km. The points represent the grid points, and the lines represents the velocity direction and amplitude. This map defines the reference map. Figure 3a shows the well-defined double vortex structure, with plasma velocities of 1.5 km/s in the center. are not large enough, owing to averaging in the diamond center. Some of them are in a wrong direction, and the double vortex structure does not appear at all. The only conclusion which can be derived from this map is that a small undefined structure probably exists in the convection. On the contrary, the high-resolution map still exhibits the most important characteristics of the event. We observe the large velocities in the center of the structure, and the double vortex is well defined. Of course, this map is not as well defined as the reference one, but the imprecisions can again be attributed to the time averaging effect.
In summary, the high-resolution method can reasonably well identify structures with a typical scale size of 250 km and gives partial information when the scale is going toward the grid scale size. Therefore this high-resolution method is able to give more in- cussed. First of all, the high-resolution spectral analysis is made with the MUSIC method. Because of its great selectivity, this method does not provide a large number of multipeaked spectra. Typically, the probability of obtaining a double-peaked spectrum is at most 10% [Barthes et al., 1998 ], a figure which is considerably smaller than the 100% probability used in the simulation. These figures lead us to expect to reduce the mean divergence by a factor much smaller than 45%, as obtained in the simulated map. A consequence of this limited number of multipeaked spectra is also the dependence of neighboring velocity vectors, which share a common radial velocity component. In the future, we may hope to reduce the dependence of the vectors by measuring more accurately the autocorrelation function or by using a more efficient spectral analysis method. polluted by the small-scale structure, it is clear that the resulting velocity map will no longer represent the large-scale convection, but that it will include a degree of spatial aliasing. However, we may also expect an increase in the divergence in that case. On the contrary, if at least one of the measured velocity represents the convection, we may expect that it will lead to a smaller divergence.
Conclusions
We have presented a method which optimizes the spatial resolution of the velocity maps deduced from SuperDARN data and extracts more information on small-scale structures (L m 200 km) present in the ionospheric convection. We first have defined the high-resolution grid on which the velocity vectors are computed and have pointed out the difficulties inherent in this grid. An estimate of the localization error has been given and has been shown to be of the order of the radial resolution of the SuperDARN radars (one grid step). The elementary cells and the grid used imply a velocity vector dependence that we have reduced by using the MUSIC high-resolution spectral analysis. In order to give reliable results, the method is very selective, and, as a result, all vectors are not totally independent. The solutions found imply a selection between several maps with the help of a physical criterion. 
